Objectives-Elasticity measurements of tissues can be valuable in the diagnosis and management of various diseases. The aim of this study was to determine the elasticity values for normal liver, kidney, and spleen of healthy newborns and infants using shear wave elastography (SWE) imaging.
S
hear wave elastography (SWE) is a noninvasive method for measuring tissue elasticity, in which a quantitative estimate of the elasticity of different tissues is obtained. The elasticity measurements of tissues can be valuable for the diagnosis and management of various diseases. Tissue elasticity of an organ is measured in kilopascals or shear wave velocity (SWV; m/s). Measurements on normal tissue should be established to evaluate the effect of various disease processes on the elasticity of the affected tissue.
Intra-abdominal organs of newborns and infants are often different from the organs of pediatric patients and adults in terms of size, physiology, and stiffness. Organs grow in size, and their physiology changes gradually as pediatric patients undergo growth and development. The size and physiology of abdominal organs are completely different for children in the neonatal and infant periods; therefore, the elasticity of the abdominal organs may also vary. The measurement of liver, kidney, and spleen elasticity in healthy newborns and infants has not been widely performed. Establishing standard SWE values for normal abdominal organs in these periods may help to distinguish pathologic abdominal organs from healthy abdominal organs, if different elasticity values are determined. The goal of this study was to assess the quantitative elasticity values of liver, kidney, and spleen in term healthy newborns and infants.
Materials and Methods

Study Subjects
Fifty healthy newborns and infants (19 girls and 31 boys; mean age 20.1 days, range 1 to 70 days) were examined using SWE after sonographic examinations had been performed and evaluated. Babies without any medical history or systemic disorders were enrolled in the study. The gross morphology of the liver, both kidneys, and spleen was assessed, and patients with pathological findings in the abdomen were excluded. Age, sex, weight, and height of all newborns and infants were recorded at the time of the study. The ethics review board at our institution approved this study, and written informed consent was obtained from all parents.
Shear Wave Elastography Technique
The study was always performed after a minimum fasting period of 4 hours and when the subjects were not restless or crying. Five valid measurements were performed in each baby in the same region of the liver, both kidneys and spleen, and the average of the measurements was evaluated. The measurements were performed with sampling deeper than 1 cm. Measurements were obtained with normal breathing and took only a few minutes.
The SWE measurements were performed using a linear transducer/probe (7.5 MHz) with a Toshiba Aplio 500 ultrasound machine (Toshiba, Japan). An experienced pediatric radiologist evaluated the SWE values with the newborns and infants in the supine position. The region of interest (ROI) was 5 x 6 mm and was placed perpendicular to homogenous parenchyma that did not include vessels or surrounding structures. The measurements of liver were made in the right lobe with an intercostal or subcostal approach according to the best hepatic image accessibility (Figure 1) . A left intercostal approach was used to obtain measurements of the spleen (Figure 2 ). The shear wave velocity (SWV) values for the kidneys were measured at the middle region, including both cortex and medulla in the sagittal view (Figure 3) . The operator applied similar amounts of transducer pressure necessary to create a gray scale image. The mean SWE values for each organ were calculated. 
Statistical Analysis
Results
The mean age of the newborns and infants was 20.1 days (range: 1-70 days, median: 8 days). Age, height, Figure 1 . Shear wave elastography measurements of liver were made in the right lobe using a 5 3 6 mm ROI that was placed perpendicular to a homogenous parenchyma that did not include vessels or surrounding structures deeper than 1 cm.
weight, and body mass index (BMI) were not significantly different between girls and boys. Gender had no significant effect on SWV values for all abdominal organs (Table 1) . Age, weight, height, and BMI had no significant effects on the SWV values of liver and spleen. The SWV values of both kidneys decreased with age, weight, height, and BMI ( Table 2) .
The five valid SWV measurements were obtained for all four organs in all newborns and infants. The means and standard deviations (range) of the SWV measurements were 1. Table 3 .
Discussion
Shear wave elastography gives real-time quantitative information about tissue elasticity in kilopascals (kPa) or meters/second (m/s). It is theoretically insensitive to target size and allows interobserver reproducibility in terms of quality and accuracy using automatic tissue elasticity measurement in the ROI. Shear wave elastography has the advantages of operator independence, reproducibility, high spatial resolution, and quantitative evaluation without compression artifacts.
There have been many studies about the advantages of SWE; however, most were performed with adult populations. 1 There are a few studies on the usefulness of SWE in children with abdominal diseases. In the largest study performed on children, Lee et al reported age-related changes in liver, kidney, and spleen elasticity in healthy children, but newborns and infants were not included in that study. The SWE values for healthy children demonstrated that the kidneys and spleen showed age-related changes, but values for the liver did not change with age. 2 Normal values of liver elasticity in healthy children were reported by Selmi et al, but they did not evaluate the kidneys and spleen, and newborns and infants were not included. 3 Shear wave elastography values for the liver, kidney, and spleen in normal newborns and infants are required as reference data, and to the best of our knowledge, our study is the first report on this subject.
When performed in newborns, infants and children, the SWE technique is different from adults. The most significant differences are the smaller sizes of the bodies and organs and the lack of cooperation of newborns and infants. Newborns and infants cannot tolerate a prolonged examination. Measurements should be obtained with normal breathing, babies should be kept warm, and warm gel should be used. It is known that food intake increases liver stiffness values in adults. 4, 5 In our study, the SWE examination was performed after a minimum fasting period of 4 hours, to standardize the stiffness of the abdominal organs. The SWE measurements appear to be both reliable and useable for newborns and infants and is easily performed; they do not feel any pain or discomfort during the examination because no compression is required.
We performed SWE on abdominal organs in newborns and infants using a linear probe. Fontanilla et al determined that SWE could be performed in children with either convex or linear probes, 6, 7 and there was no significant difference in SWV values with either probe. Lee et al reported that varying mean push pulses could influence the final SWE values, but found consistent results for the liver. Using a high-frequency probe in newborns and infants allowed a better analysis of the abdominal organs and better visualization of vessels and bile ducts in the liver as a result of their relatively superficial position, and provided accurate location of the measurements. The optimal depth for measurement was reported to be greater than 1 cm below the capsule of the abdominal organs. 8 In this study, we measured the SWE values at a depth of more than 1 cm below the capsule of the liver, kidney, and spleen. The measurements were performed at greater than 1 cm, because the organ stiffness (primarily in the liver) under the capsule is higher than in the rest of the organ as is covered with a distensible but stiff envelope. Hanquinet et al found that SWV values were similar for the linear and convex probes between 3 and 5 cm depth. 9 We used as small an ROI as possible and preferred 5 3 6 mm. We believe the smallest ROI may allow more accurate measurements and provide a smaller standard deviation in newborns and infants. Many studies have obtained 10 valid values, whereas some studies have obtained only five measurements for each organ. 10 In our study, newborns and infants could not tolerate a prolonged examination; therefore, we performed five valid SWE values for each organ.
An SWV value between 1.07 and 1.59 m/s has been reported for healthy adult liver. 1 In children, Noruegas et al reported that the mean SWV value of healthy liver was 1.11 m/s. 11 Hanquinet et al measured the mean SWV value of liver as 1.12 m/s (range: 0.73-1.45 m/s) for children. 12 Matos et al determined the mean SWV value of liver as 1.07 6 0.10 m/s for a healthy pediatric population, with the possibility of reaching 1.12 m/s in the case of younger children. 13 The largest study performed with children was by Lee et al, and they reported that SWE values for the kidneys and spleen in healthy children demonstrated age-related changes; however, SWE measurements for the liver in all children did not change with age. The mean SWV value for the liver over the whole age range was 1.12 6 0.014 m/s. 2 In our study, we measured the mean SWV value of liver as 1.70 6 0.24 m/s. This value is higher than in the healthy population of older children in other studies, supporting the view that the elasticity of the liver is increased in newborns and infants. Although this finding is not clear, perhaps the high SWV value of liver can be explained by the fact that is responsible for blood production and immaturity of its functions in newborn and infantile period.
Shear wave elastography was used to evaluate liver fibrosis in children and biliary atresia in infants. The normal SWE values in newborns and infants from our study can help to confirm significant elasticity changes of the liver parenchyma by fibrosis in cases of difficult interpretation of B-mode sonography. Shear wave elastography can provide reliable information on liver fibrosis in neonatal/infantile cholestasis, and help in the diagnosis of biliary atresia. 14, 15 This noninvasive diagnostic method can help to differentiate the causes of cholestasis effectively. 16 Tutar et al reported that, although liver fibrosis can be determined using SWE, differentiation of fibrosis stages in children could not be achieved. They said that the presence of steatosis significantly increased the mean elasticity values, and this increase should be a warning for nonalcoholic steatohepatitis in children. 17 Shear wave velocity values for healthy adult kidneys range from 2.24 to 2.37 m/s with no difference between the kidneys. 1 Sohn et al reported mean SWV values of 1.80 m/s for the right kidney and 1.83 m/s for the left kidney (median 1.75 m/s), with no significant difference between them. They included children under the age of 24 months in their study, without classifying them as newborns and infants. They evaluated renal parenchyma, including both the renal cortex and the medulla, from the axial view in patients. 18 In our study, the SWE values for the kidney were measured from the middle region, including both cortex and medulla. Lee et al found that SWV values for the kidneys changed with age in all age groups. They said that it may be possible to evaluate the relationship between organ growth and stiffness change in children. Lee et al reported lower SWV values for the kidneys in children younger than 5 years old, compared with children older than 5 years (right kidney 1.95 6 0.033 m/s, left kidney 1.97 6 0.062 m/s). They showed that SWE values for the kidneys increased according to age in children. 2 We found the mean SWV values of 1.69 6 0.33 m/ s for the right kidney and 1.70 6 0.31 m/s for the left kidney without any significant difference between them. In our study, the SWE values for the kidneys in newborns and infants were lower than in the older children reported in the literature. 2, 18 These results can be explained by the increased growth rate and stiffness of kidneys with age.
Bruno et al evaluated the renal parenchymal elasticity in pediatric patients with vesicoureteral reflux and found that the mean SWE values obtained from the affected kidneys were significantly higher than both the contralateral and healthy kidneys. 19 The velocities increased in high-grade hydronephrotic kidneys, but were not helpful in differentiating kidneys with and without obstruction of the ureteropelvic junction. Dillman et al found that SWE measurements did not enable discrimination of obstructive hydronephrosis from nonobstructive hydronephrosis in children. 20 Goya et al measured higher SWE values in nondamaged kidneys, and severely damaged kidneys had the lowest SWE values. Shear wave elastography values of normal kidneys were significantly higher than those of damaged kidneys in children. They reported that SWE values might be a potential nonradioactive and noninvasive method to detect renal damage in children. 21 The mean SWV value of normal adult spleen was between 2.04 and 2.49 m/s, and spleen stiffness increases with patient age in adults. 1 Canas et al reported the mean SWV value of healthy spleen as 2.17 m/s (2.08-2.26 m/s) in children. 22 In the study by Lee et al, the SWE values for spleen were lower in children under the age of 5, compared with children over the age of 5 (2.02 6 0.037 m/s). The elasticity values of spleen demonstrated age-related changes in all children. 2 In our study, we found a mean SWV value of 2.03 6 0.27 m/s for the spleen of newborns and infants. This is similar to the literature values that have been reported for older children. There are a few published articles that report higher SWE values in the spleen of adults with portal hypertension and with varices and variceal bleeding, and the usefulness of this finding to predict its risk. 23 There are some limitations of the present study. First, it is advised, especially in adult studies, to perform SWE measurements in a breath-hold technique, but we could only perform measurements in a resting respiratory position in babies. The second limitation is that we could not keep the fasting period long to assess the liver because of the age group of the study. Finally, only five valid measurements for each organ were obtained, because newborns and infants could not tolerate a prolonged examination.
In conclusion, normal values for the elasticity of abdominal organs in children using SWE have been reported previously; however, these values have not been reported in healthy newborns and infants. We found that the mean SWE values of abdominal organs are different in newborns and infants compared with values reported for healthy older children. The mean SWE values for liver are higher in healthy newborns and infants compared with values reported in the population of healthy older children; values for both kidneys are lower; and values for the spleen are similar in all ages. Establishing standard SWE values for healthy newborns and infants can help to distinguish pathology from healthy abdominal organs. Ours is the first study of SWE in healthy newborns and infants. We have described the SWE technique and reported the normal values for liver, kidney, and spleen elasticity in healthy newborns and infants.
